Background: Unplanned hospital readmissions are common, expensive and often preventable. Strategies designed to reduce readmissions should target patients at high risk. The purpose of this study was to describe medical patients identified using a recently published and validated algorithm (the LACE index) as being at high risk for readmission and to examine their actual hospital readmission rates.
U nplanned hospital readmissions have long been considered a marker of poor health system performance. 1 A recent study reported a 30-day hospital readmission rate of 19.6% among Medicare feefor-service enrollees, at an estimated cost of approximately US$17.4 billion. 2 Several observations suggest that some readmissions can be avoided. Such observations include significant variability in readmission rates between centres, 3 concerns about inadequate follow-up and risk of readmission, 4 patient complaints of inadequate preparation for discharge, 5 and poor doctor-to-doctor communication at the time of discharge. 6 In light of these findings, reductions in hospital readmissions have been targeted for cost-containment and quality-of-care initiatives. 7 Although the extent to which readmissions can be reduced is still unclear, reductions in the range of 25% to 45% have been reported for some well-designed interventions. [8] [9] [10] Despite the success of a few interventions, the majority have not demonstrated meaningful reductions in the frequency of readmission or other adverse post-discharge outcomes. 11 One explanation for these poor results is the recruitment of heterogeneous patient populations (e.g., medical, surgical, and psychiatric patients) whose needs are too diverse to be met by a single program or intervention. This problem may be compounded by the difficulty of identifying patients who are likely to be at greatest risk for readmission and who would most likely benefit from such an intervention. In these studies, the presence of low-risk patients in the study sample may result in an inability to observe the beneficial effects of a given intervention. Future efforts may be better served by efforts to focus on a restricted subset of patients with similar problems (e.g., medical patients) and on those deemed to be at high risk for readmission. A recently published index identifies patients at high risk of unplanned hospital readmission. 12 The "LACE index" (Table 1 ) uses 4 relatively simple factors to gauge the risk of death or unplanned readmission within 30 days after hospital discharge: length of stay in days for the index hospitalization; (L); acuity of illness at the time of the index admission (A); Charlson co-morbidity score (C); and number of emergency department visits in the 6 months before the index hospitalization (E). The LACE index was derived using clinical data collected on hospital inpatients and validated extensively using both a splitsample method and administrative hospital records in Ontario, Canada. The original intent of the index was to identify patients who might benefit from additional postdischarge care. However, patients defined by the LACE index to be at high risk for poor post-discharge outcomes have not yet been described, nor has there been any research comparing high-and low-risk patients as defined by the index.
Our objectives were to describe medical patients deemed to be at high risk for hospital readmission according to the LACE index, to quantify the occurrence of readmissions within 30 and 90 days after discharge, and to compare these outcomes with those of patients who were not identified as being at high risk for readmission.
Methods
Setting. We used data from 6 hospitals that provide care for acutely ill adults in Toronto, Ontario. With a population of nearly 3 million, Toronto is the largest urban centre in Canada. Nearly all Ontario residents, with specific exceptions, are insured for physician services and inpatient hospital care by the Ontario Health Insurance Plan (OHIP), a universal, single-payer system. Four of the 6 hospitals included in our study are academic health science centres.
Data. We used population-based administrative data to identify all patients discharged from the 6 study hospitals and to identify any post-discharge hospital use, including emergency department (ED) visits and readmissions. Information on all hospital admissions was obtained using the Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD). The CIHI-DAD includes demographic, clinical, and administrative data on all inpatient hospital stays; these data are abstracted by trained medical reviewers from patient charts.
Using unique encrypted identifiers, we linked CIHI-DAD records to other administrative databases. The Ontario Drug Benefit database and the OHIP claims database were used to identify patients who resided in nursing homes (using unique flags on records). The Registered Persons Database was used to identify deaths during the study period. The National Ambulatory Care Reporting System was used to identify all emergency department visits.
Study population.
We included all adults aged 18 to 105 years who were discharged alive after a hospital stay for a medical indication during the 2007 calendar To ensure that we had captured patients who would usually be cared for on a general internal medicine unit, we excluded patients whose index admission was to any of the following services: psychiatry (n = 77), obstetrics (n ≤ 5) or gynecology (n = 214); we also excluded patients whose most responsible diagnosis indicated admission for chemotherapy, radiotherapy or a cancelled surgery (n = 3530). We further excluded index hospitalizations with discharge to rehabilitation or continuing care facilities, because these facilities are intended to provide postacute care services (n = 1966). It should be noted that, in Ontario, rehabilitation and continuing care facilities are distinct from long-term care facilities. We chose to include patients from LTC since they are, in effect, being transferred between the hospital and their home, whereas we chose to exclude patients discharged to rehabilitation and continuing care because they are transferred from hospital to another type of high-intensity care site that should presumably address post-discharge concerns. We also excluded individuals who were not residents of Ontario, since their readmissions would likely occur in another jurisdiction (n = 309), as well as admissions for which there was evidence of problems with data linkage or other evidence of problems with data quality (n = 23). (See Fig. 1.) Risk of readmission-the LACE index. Once eligible index hospitalizations were identified (n = 26 045), we used the empirically derived and validated LACE index to distinguish between patients at high and low risk of unplanned readmission or death within the 30 days after discharge.
12 LACE scores range from 0 to 19, higher scores indicating greater risk for 30-day readmission or death. We defined high-risk patients as those who scored 10 or higher on the LACE index based on the distribution of patient scores and predicted and observed probabilities reported in the original derivation and validation study. 12 In the validation study, patients with a score of 10 had a predicted probability of 12.2% for 30-day readmission or death with similar observed probabilities. For each score above 10, predicted probabilities increased by at least two percentage points, up to 43.7% for a score of 19. Observed probabilities in both the derivation and validation groups tracked closely to expected probabilities up to a score of 14. Discrepancies between predicted and observed probabilities in patients with scores above 14 appeared to be attributable largely to the small number of patients with such high scores; this applied particularly in the 18 and above range, where there were very small numbers of patients and almost no observed outcomes. To date, no other research has identified an optimal cut-off for defining high-risk based on the LACE index. Analyses. We used descriptive statistics to characterize our sample by age, sex and location before the index hospitalization. We followed each eligible patient after discharge from the index hospitalization and counted the frequency of emergency department visits in the following 30 days, as well as non-elective readmissions in each of the following 30 and 90 days. We described both the index hospitalizations and the readmissions according to length of stay, most common discharge diagnoses, and whether any of the stays had been designated as "alternative level of care" (ALC). ALC days refer to inpatient days during which patients are no longer considered to require acute care but cannot be discharged because of a lack of appropriate alternative options. We also looked at the proportion of readmissions to the same hospital as the index hospitalization and to other hospitals within the same health region and outside of the health region. We repeated all analyses for each the high-risk for readmission and low-risk for readmission patient groups. The occurrence of short-term adverse outcomes (emergency department visits, readmissions, and death) between the highrisk and low-risk groups was compared using unadjusted relative risks and 95% confidence intervals.
All analyses were completed using SAS 9.1 (SAS Institute Inc., Cary, NC).
This study was approved by the research ethics board of Sunnybrook Health Sciences Centre. The study sponsor played no role in any aspect of study conception, design, analysis, or interpretation.
Results
Our study cohort consisted of 26 045 medical patients discharged from 1 of the 6 study hospitals. Patients had a median age of 65 (interquartile range 48-79). The majority of patients (94%) resided in the community before the index hospitalization. The most commonly reported CMGs included heart failure, pneumonia, and gastrointestinal disorders (Table 2) . • GI hemorrhage
• Other GI diagnoses * Patients were identifi ed as being at high risk for readmission if they had a score of 10 or higher on the LACE index. 12 (See Table 1 for defi nitions.) † Patients were identifi ed as being at low risk for readmission if they had a score of less than 10 on the LACE index. ‡ Case-mix groups are based on diagnoses at index hospital admission. GI = gastrointestinal, TIA = transient ischemic attack
Patients at high risk for readmission, as defined by a LACE score greater than or equal to 10, accounted for 34.0% of the cohort. High-risk patients had a median age of 71 (interquartile range [IQR] 55-82); of this group, 8% had been in a long-term care facility before the index hospitalization. Among low-risk patients, the median age was 61 (IQR 45-77); of this group, only 4.1% had been in a long-term care facility before the index hospitalization. The high-risk and low-risk patient groups had a similar distribution of CMGs.
Readmission within 30 and 90 days. From the full cohort, 3286 (12.6%) patients visited an ED, and 3270 (12.6%) were readmitted to hospital within the 30 days after discharge. By the 90th day after discharge, 5439 (20.9%) had been readmitted to hospital (Table 3) .
Among patients at high risk for readmission, 1299 (14.7%) made an ED visit and 1690 (19.1%) were readmitted to hospital in the 30 days after discharge, while among patients with a low risk for readmission, 1987 (11.6%) made an ED visit and 1580 (9.2%) were readmitted within the same time. The risk of readmission was twice as high for high-risk as it was for low-risk patients (relative risk [RR] 2.1, 95% confidence interval [CI] 1.9-2.2). Similarly, the risk of readmission within 90 days of discharge was twice as high for high-risk as for low-risk patients (high-risk 31.7%; low-risk 15.3%; RR 2.1, 95% CI 2.0-2.2). Table 4 , we present features of the index hospitalizations and readmissions for patients readmitted within 30 days after discharge. Among the full sample of readmitted patients, the median length of stay was 5 days (IQR 2-10 days) for the index hospitalization and 6 days (IQR 3-12 days) for the readmission. An ALC designation was twice as common during the readmission as during the index hospitalization. Fourteen percent of patients died during the readmission.
Hospitalization characteristics. In
Approximately half (51.7%) of patients who were readmitted within 30 days were at high risk for readmission. Among the high-risk group, both the index hospitalization and readmission were slightly longer (median lengths of stay were 9 days [IQR 5-15 days] and 7 days [IQR 3-14 days], respectively) than for the lowrisk patients, and there was a higher frequency of ALC designations. The frequency of death during readmission was approximately double among the high-risk as compared with the low-risk patients (18% vs. 9.5%). In all patient groups, approximately two-thirds were readmitted to the same hospital as at index; of those readmitted to another hospital, over half were readmitted to a hospital outside of the study health region. There was no variation in readmission rates among study hospitals (data not shown).
Although only 51.7% of all readmissions occurred among patients identified as being at high risk, these patients accounted for the majority of index hospitalizations and readmissions that had been designated ALC (94.7% and 65.2%, respectively). They also accounted for the majority of deaths during readmission (67.5%).
Interpretation
We found that hospital readmission rates for medical patients in a large urban area were very high. Within 30 days of discharge, 12.6% of medical patients had been readmitted to hospital, and by 90 days after discharge 20.9% had been readmitted. The most common reasons for readmission were heart failure, gastrointestinal disorders, and pneumonia; this finding is consistent with other reports. 2, 13 We also found that length of stay for readmissions were slightly longer than for index * Patients were identifi ed as being at high risk for readmission if they had a score of 10 or higher on the LACE index. 12 (See Table 1 for defi nitions.) † Patients were identifi ed as being at low risk for readmission if they had a score of less than 10 on the LACE index. ‡ Without either a visit to the emergency department or inpatient admission. CI = confi dence interval hospitalizations and that 14% of readmitted patients died, suggesting that readmissions were both resourceintensive and serious. The readmission rates reported here are somewhat lower than those reported among Medicare enrollees in the United States, 2,14 but this may, at least in part, be explained by differences in hospital reimbursement policies between the United States and Ontario as well as by differences in the underlying age structure in the study cohorts. Our data showed that nearly 30% of all readmissions were to a different hospital than the index admission, and that, of these, over half were to a hospital outside of the study region. This striking discontinuity of hospital admissions for individual patients leads to questions regarding the extent of duplication and inappropriate resource utilization that result. We also found, but did not report here, that there was no variation between study hospitals with respect to overall readmission rate or readmission location. These findings suggest that high rates of readmission are a system-level issue and are not limited to a small number of "problem" hospitals. Although various models of post-discharge care have proven successful in research studies and at individual institutions, system-level solutions that integrate primary, hospital-based, and post-acute home care services remain elusive.
We found that approximately 34% of all discharged medical patients would be identified as being at high risk Table 4 : Characteristics of index hospitalization and readmission among patients readmitted to hospital within 30 days after discharge from a hospital stay for a medical indication * Patients were identifi ed having a low risk for readmission if they had a score of less than 10 on the LACE index. 12 (See Table 1 for defi nitions.) † Patients were identifi ed as having a low risk for readmission if they had a score of less than 10 on the LACE index. ‡ Case-mix groups are based on diagnoses at index admission. IQR = interquartile range, GI = gastrointestinal, TIA = transient ischemic attack of readmission using the recently published LACE index with a cut-off of 10. Among these high-risk patients, 19% were readmitted within 30 days and 32% were readmitted within 90 days: these rates represent approximately double the risk of readmission seen for all other patients.
The LACE index enabled us to identify a subset of patients who clearly had different needs than other medical inpatients. Patients deemed at high risk for readmission were older and more likely to come from long-term care. Further, they accounted for nearly all index hospitalizations with ALC designations. The ALC designation is given to a patient who is not considered to require hospital-level services but has no appropriate discharge destination (i.e., long-term care or rehabilitation bed). The relatively high prevalence of the ALC designation among the high-risk group, in particular among those who were readmitted, raises questions about the most appropriate level of care for these patients both during and after their hospital stay. Our findings suggest the need for a better understanding of ALC patients and their course of care. It may be that they do require more than just a bed while in hospital, and that identifying the most appropriate options for these patients could serve to improve their post-discharge outcomes. However, ALC is an important issue in Ontario; its ramifications go beyond the issue of readmissions and concern the whole health care system.
We also found that, despite the ability of the LACE index to identify a group with greater post-discharge complications, we identified only half of all discharged patients who were readmitted within 30 days. This could, in part, be due to the LACE cut-off that we chose: a lower LACE index score would have identified a higher proportion of those who were readmitted as high-risk, but the trade-off would have been a much larger highrisk subgroup. This could have important implications for any discharge planning program or post-acute care intervention that uses the LACE index or similar algorithms to identify suitable participants.
The predictive ability of the LACE index is likely also influenced by the types of variables that were assessed for inclusion. The LACE was derived from a list of over 40 patient and hospitalization variables with the intention of developing a clinical algorithm for physicians to use at the bedside to identify patients at high risk for complications. Its authors purposefully did not include macro-or system-level factors that might not be easily accessible to care providers. It may be that the strongest predictive algorithms require both patient-and system-level factors, and that clinical tools such as the LACE index may require some "tweaking" in different contexts. We were unable to test the LACE index against other published tools, since several of these include system-or hospital-level factors that are specific to the location of development. [15] [16] [17] Further, because we used data from only a single city, there would be no variability with regard to system-level variables in these tools. Future tools, including potential revisions of the LACE index, would likely benefit from a more comprehensive approach to understanding the patient-level risk factors for readmission and how their impact may vary across different regions.
Limitations. There are limitations to this study. We included only hospitals within a single, densely populated urban area. On this basis, we cannot speculate on the risks for readmission among people discharged from hospitals in smaller or more remote communities. Future research is required to document readmissions among more diverse populations and to identify differences by community type. However, by restricting our analysis to a single urban area, we controlled for variations in policy and resources that otherwise could obscure important differences between urban and rural populations. Second, we did not incorporate any other measures of health services use post-discharge, such as home health care or follow-up physician visits. Since our objective was solely to document overall readmissions, we were not specifically interested in describing these as a function of post-discharge care. Future work is required to better understand how different types of postdischarge care are used, whether they are used by those patients identified at highest risk for readmission, and the extent to which they reduce post-discharge complications. Third, to date, the LACE index has been validated only for 30-day readmission and death. The other outcomes in our study (ED visit and 90-day outcomes) are shown because they may be relevant to readers involved in post-discharge planning and program delivery, particularly those who are interested in using the LACE index for such purposes. On a related note, we believe that it is reasonable to include ED visits as an outcome in any study on readmission for two reasons. First, a patient's decision to visit the ED (even with input from his/ her physician) is usually made without any prior knowledge of whether he or she will be admitted to hospital. Second, for some patients, the decision to admit will depend on the hospital visited and bed availability.
Summary
We found that, within 30 days after hospital discharge, nearly 13% of medical patients were readmitted to hospital. Using the LACE index, we identified a high-risk group
